PCT 

INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT) 


(51) International Patent Classification 7 : 
A61K 31/00 


(11) International Publication Number: WO 00/37059 

(43) International Publication Date: 29 June 2000 (29.06.00) 


(21) International Application Number: PCT/CA99/0 1211 

(22) International Filing Date: 17 December 1999 (17.12.99) 


8 December 1998 (18.12.9! 


(71) Applicant: NEUROMED TECHNOLOGIES, INC. [CA/CA]; 

400-601 West Broadway, Vancouver, British Columbia 
V5Z 4C2 (CA). 

(72) Inventor: ZAMPONI, Gerald, W.; 99 Bernard Close, N.W., 

Calgary, Alberta T3K 2H3 (CA). 

(74) Agent: ROBINSON, J., Christopher; Fetherstonhaugh & Co., 
Vancouver Centre, Suite 2200, 650 West Georgia Street, 
Box 11560, Vancouver, British Columbia V6B 4N8 (CA). 


(81) Designated States: AU, CA, IL, JP, European patent (AT, BE, 
CH, CY, DE, DK, ES, FI, FR, GB, GR, IE, IT, LU, MC 
NL, PT, SE). 


Published 

Without international search report and to be republished 
upon receipt of that report. 


(54) Title: METHODS TO INACTIVATE N-TYPE CALCIUM CHANNELS 
(57) Abstract 

Compounds comprising an unbranched backbone carbon chain of 8-16C, optionally substituted at any position with 1-5 alkyl groups 
(1-6C) or with halo, - O, OR, SR, NR 2 , OOCR, NROCR, or N(OCR) 2 , wherein R is H, alkyl (1-6C), optionally substituted aryl (6-lOC), 
arylalkyl (7-12C) wherein said aryl is optionally substituted, and wherein two R on the same substitutent may form a ring, or with phosphate 
or pyrophosphate or the alkyl (1-6C) esters thereof; and/or wherein a terminal carbon is optionally in the form of COOR -CONR2 or -COR 
wherein R is H, alkyl (1-6C) or arylalkyl (7-12C); and wherein said chain may optionally contain l-4ir-bonds or the epoxides thereof are 
useful as N-type calcium channel inactivation blockers. Libraries of these compounds can also be used to identify antagonists for other 
targets. 


FOR THE PURPOSES OF INFORMATION ONLY 


Codes used to identify States party to the PCT on the front pages of pamphlets publishing international applications under the PCT. 


AL 

Albania 



LS 

Lesotho 

SI 

Slovenia 

AM 


FI 

Finland 

LT 

Lithuania 

SK 

Slovakia 

AT 


FR 


LU 

Luxembourg 

SN 


AU 

Australia 

GA 


LV 


SZ 

Swaziland 

AZ 

Azerbaijan 

GB 

United Kingdom 

MC 


TD 

Chad 

BA 

Bosnia and Herzegovina 

GE 

Georgia 

MD 

Republic of Moldova 

TG 

Togo 

BB 

Barbados 

GH 


MG 

Madagascar 

TJ 

Tajikistan 

BE 

Belgium 

GN 


MK 

The former Yugoslav 

TM 

Turkmenistan 

BF 

Burkina Faso 

GR 



Republic of Macedonia 

TR 

Turkey 

BG 

Bulgaria 

HU 

Hungary 

ML 

Mali 


Trinidad and Tob 

BJ 


IE 


MN 

Mongolia 

UA 


BR 


IL 


MR 

Mauritania 

UG 

Uganda 

BY 

Belarus 

IS 

Iceland 

MW 

Malawi 

US 

United States of 

CA 

Canada 

IT 

Italy 

MX 


uz 

Uzbekistan 

CF 

Central African Republic 

JP 


NE 

Niger 

VN 

Viet Nam 

CG 


KE 


NL 

Netherlands 

YU 

Yugoslavia 

CH 

Switzerland 

KG 

Kyrgyzstan 

NO 


ZW 


CI 

Cote d'lvoire 

KP 

Democratic People's 

NZ 

New Zealand 



CM 

Cameroon 


Republic of Korea 

PL 

Poland 



CN 


KR 

Republic of Korea 

PT 




CU 

Cuba 

KZ 

Kazakstan 

RO 

Romania 



CZ 

Czech Republic 

LC 

Saint Lucia 

RU 

Russian Federation 



DE 

Germany 

LI 

Liechtenstein 

SD 

Sudan 



DK 


LK 

Sri Lanka 

SE 

Sweden 



EE 

Estonia 

LR 

Liberia 

SG 

Singapore 




WO 00/37059 


PCT/CA99/01211 


METHODS TO INACTIVATE 
N-TYPE CALCIUM CHANNELS 


5 Technical Field 

The invention relates to compounds useful in treating conditions associated 
with N-type calcium channel function. More specifically, the invention concerns 
compounds related to farnesol that are useful in treatment of conditions such as stroke 
and pain. 

10 

Background Art 

Native calcium channels have been classified by their electrophysiological and 
pharmacological properties as T, L, N, P and Q types (for reviews see McCleskey, 
E. W. et al. Curr Topics Membr (1991) 39:295-326, and Dunlap, K. et al. Trends 

1 5 Neurosci (1995) 18:89-98). T-type (or low voltage-activated) channels describe a 

broad class of molecules that transiently activate at negative potentials and are highly 
sensitive to changes in resting potential. The L, N, P and Q-type channels activate at 
more positive potentials and display diverse kinetics and voltage-dependent 
properties. There is some overlap in biophysical properties of the high voltage- 

2 0 activated channels, consequently pharmacological profiles are useful to further 

distinguish them. L-type channels are sensitive to dihydropyridine agonists and 
antagonists, N-type channels are blocked by the Conus geographus peptide toxin, 
co-conotoxin GVIA, and P-type channels are blocked by the peptide co-agatoxin IVA 
from the venom of the funnel web spider, Agelenopsis aperta. A fourth type of high 

2 5 voltage-activated calcium channel (Q-type) has been described, although whether the 

Q- and P-type channels are distinct molecular entities is controversial (Sather, W.A. el 
al. Neuron (1995) 1 1:291-303; Stea, A. et al. Proc Natl Acad Sci USA (1994) 
91:10576-10580). Several types of calcium conductances do not fall neatly into any 
of the above categories and there is variability of properties even within a category 

3 0 suggesting that additional calcium channels subtypes remain to be classified. 

Biochemical analyses show that neuronal high-threshold calcium channels are 
heterooligomeric complexes consisting of three distinct subunits (a ( , a 2 5 and P) 
(reviewed by De Waard, M. et al. Ion Channels (1997) vol. 4, Narahashi, T. ed. 
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Plenum Press, NY). The a, subunit is the major pore-forming subunit and contains 
the voltage sensor and binding sites for calcium channel antagonists. The mainly 
extracellular a 2 is disulfide-linked to the transmembrane 6 subunit and both are 
derived from the same gene and are proteolytically cleaved in vivo. The (3 subunit is a 
5 nonglycosylated, hydrophilic protein with a high affinity of binding to a cytoplasmic 

region of the a, subunit. A fourth subunit, y, is unique to L-type calcium channels 
expressed in skeletal muscle T-tubules. The isolation and characterization of 
y-subunit-encoding cDNAs is described in U.S. Patent No. 5,386,025 which is 
incorporated herein by reference. 

1 0 Recently, each of these ai subtypes has been cloned and expressed, thus 

permitting more extensive pharmacological studies. These channels have been 
designated ai A -ai H and a, s and correlated with the subtypes set forth above. a )A 
channels are of the P/Q type; a [B represents N; ai C , cti D and a iS represent L; ai E 
represents a novel type of calcium conductance, and otic and a (H represent two 

1 5 members of the T-type family, reviewed in Stea, A. et al. in Handbook of Receptors 

and Channels (1994), North, R.A. ed. CRC Press; Perez-Reyes, et al. Nature (1998) 
391 : 896-900. Bech-Hansen et ai, Nature Neurosci (1998) 1 :264-267. 

U.S. Serial No. 09/107,037 filed 30 June 1998 describes compounds 
containing benzhydril and 6-membered heterocyclic moieties that show calcium- 

2 0 channel blocking activity, wherein certain members of the disclosed genus are 

specific to N-type channels. The present invention is directed to compounds, some of 
which are structurally related to famesol, whose activity is also N-type specific at low 
concentrations. Farnesol has previously been shown to be a calcium-channel blocker 
when used in the micromolar range and to show a preference for inhibition of L-type 

2 5 receptors (Roullet, J-B., et al., J Biol Chem (1997) 272:32240-32246. This 

demonstrated activity is exhibited as "open channel" blockage; that is, channels that 
have been activated by depolarization show inhibited calcium ion flow. This is in 
contrast to the inactivated channel block which is exhibited, but at nanomolar 
concentrations, by famesol and its related compounds and is specific to the N-type 

30 channel. Accordingly, these compounds which, like farnesol, promote the 

inactivation of the N-type channels as described below, preferably at physiological 
background potential conditions, are useful in treating conditions associated with 
N-type channel activity, such as stroke and pain. 
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Disclosure of the Invention 

The invention relates to compounds useful in treating conditions such as 
stroke, chronic and acute pain, epilepsy, hypertension, cardiac arrhythmias, and other 
5 indications associated with calcium physiology, in particular those associated with re- 

type calcium channel hyperactivity or those where normal N-type channel activity is 
deleterious. The compounds of the invention are long chain hydrocarbons which 
contain substitutents, including alkyl substitutents, to enhance the specificity of 
inactivation-type inhibition of N-type channels. Thus, in one aspect, the invention is 

1 0 directed to therapeutic methods that employ compounds containing an unbranched 

backbone carbon chain of 8-16C optionally substituted with 1-5 alkyl groups (1-6C). 
The compounds may also optionally be functionalized with halo, = O, -OR a , -SR.", 
-NR a 2 , -OOCR a , -NR a OCR a , or -N (OCR a ) 2 where R a is H, alkyl (1-6C), optionally 
substituted aryl (6- 10C), arylalkyl (7-1 2C) wherein said aryl is optionally substituted, 

1 5 and wherein two R on the same substitutent may form a ring; or with phosphate or 

pyrophosphate or alkyl (1-6C) esters thereof, and/or a terminal carbon is optionally in 
the form of -COOR b , -CONR b 2 or -COR b , where R b is H, alkyl (1-6C) or arylalkyl (7- 
12C). The backbone chain may optionally contain 1-4 7i-bonds or the epoxides 
thereof. 

2 0 The invention is directed to methods to antagonize specifically N-type calcium 

channel activity using these compounds and thus to treat associated conditions. It will 
be noted that the conditions may be associated with abnormal calcium channel 
activity, or the subject may have normal calcium channel function which nevertheless 
results in an undesirable physical or metabolic state. In another aspect, the invention 

25 is directed to pharmaceutical compositions containing these compounds. 

The invention is also directed to combinatorial libraries containing the 
compounds of the invention and to methods to screen these libraries for members 
containing particularly potent calcium channel inactivating activity or for members 
that antagonize other channels. 

30 

Brief Description of the Drawings 

Figure 1 shows generic structures of preferred compounds of the invention - 
Formulas 1, 1A, IB, 2, 2A, 2B and 3, 3A and 3B. 
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Figure 2 shows specific embodiments of compounds of the invention which 
have been tested for their ability to effect inactivation inhibition of N-type calcium 
channels. 

Figure 3, panels A-E, shows the effect of farnesol in micromolar 
5 concentrations on open-channel blocking in various types of calcium-channels. 

Figure 4 shows the selective inactivation of N-type channels at 25 uM 
farnesol. 

Figure 5, panels A-D, shows the effect of nanomolar concentrations of 
farnesol on inactivation of various calcium channel types. 
1 0 Figure 6 shows the ability of the compounds of the invention, as compared to 

farnesol, to block calcium channel current at the low and high pulse frequencies. 

Figure 7 shows IC 50 values in micromolar calculated from the results in Figure 

6. 

Figure 8 shows the selectivity of farnesol and various compounds of the 
1 5 invention with respect to inhibition of calcium current flow at high and low pulse 

frequencies. 

Modes of Carrying out the Invention 

The compounds useful in the methods of the invention exert their desirable 
20 effects through their ability to specifically promote inactivation of N-type calcium 

channels. 

There are two distinguishable types of calcium channel inhibition. The first, 
designated "open channel blockage," is demonstrated when displayed calcium 
channels are maintained at an artificially negative resting potential of about -100 mV 

2 5 (as distinguished from the typical endogenous resting maintained potential of about 

-70 mV). When the displayed channels are abruptly depolarized under these 
conditions, calcium ions are caused to flow through the channel and exhibit a peak 
current flow which then decays. Open channel blocking inhibitors diminish the 
current exhibited at the peak flow as well as accelerate the rate of decay. 

30 This type of inhibition is distinguished from a second type of block, referred to 

herein as "inactivation inhibition." When maintained at less negative resting 
potentials, such as the physiologically important potential of -70 mV, a certain 
percentage of the receptor channels may undergo conformational change, rendering 
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them incapable of being activated - i.e., opened - by the abrupt depolarization. 
Thus, the peak current due to calcium ion flow will be diminished not because the 
open channel is blocked, but because some of the channels are unavailable for 
opening (inactivated). "Inactivation" type inhibitors increase the percentage of 
receptors that are inactivated. With regard to the compounds of the present invention, 
this type of inhibition is typically exhibited at lower concentrations than those 
required for open channel blockage and is highly specific for N-type channels. The 
level of specificity exhibited by various compounds of the invention is determined by 
the nature of the substitutents on the straight-chain backbone. 

While the compounds of the invention generally show the desired channel 
inhibitions, the availability of a multiplicity of calcium channel inhibitors permits a 
nuanced selection of compounds for particular disorders. Thus, the availability of this 
class of compounds provides not only a genus of general utility in indications that are 
affected by excessive calcium channel activity, but also provides a large number of 
compounds which can be mined and manipulated for specific interaction with 
particular forms of calcium channels. The availability of recombinantly produced 
calcium channels of the ai A -ai H and a is types set forth above, facilitates this selection 
process. Dubel, S.J. et al. Proc Natl Acad Sci USA (1992) 89:5058-5062; Fujita, Y. et 
al. Neuron (1993) 10:585-598; Mikami, A. et al. Nature (1989) 340:230-233; Mori, 
Y. et al. Nature (1991) 350:398-402; Snutch, T.P. et al. Neuron (1991) 7:45-57; 
Soong, T.W. et al. Science (1993) 260:1 133-1 136; Tomlinson, W.J. et al. 
Neuropharmacology (1993) 32:1 1 17-1 126; Williams, M.E. et al. Neuron (1992) 8:71- 
84; Williams, M.E. et al. Science (1992) 257:389-395; Perez-Reyes, et al. Nature 
(1998) 391:896-900. Bech-Hansen et al., Nature Neurosci (1998) 1:264-267. 

Thus, while it is known that calcium channel activity is involved in a 
multiplicity of disorders, the types of channels associated with particular conditions is 
the subject of ongoing data collection. The association of, for example, N-type 
channels, as opposed to other types, in a specific condition would indicate that 
compounds of the invention which specifically target N-type receptors are most useful 
in this condition. The compounds of the invention target N-type channels 
preferentially. 

Among the conditions associated in which blocking excessive calcium 
transport through N-type channels would be of therapeutic value are stroke, epilepsy, 
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and chronic and acute pain. Calcium is also implicated in other neurological disorders 
such as migraine and certain degenerative disorders. 

The availability of the libraries containing the compounds of the invention 
also provides a source of compounds which may be screened for inactivation 
5 inhibition with regard to additional ion channels and receptors. These channels and 

receptors are also associated with conditions that are susceptible to treatment. 
Blockers of sodium channels, for example, are useful as local anesthetics, and in 
treating cardiac arrhythmias, as anticonvulsants, and in treating hyperkalemic periodic 
paralysis. Potassium channel blockers are useful in treating hypertension and cardiac 

10 arrhythmias; various other receptors are associated with psychoses, schizophrenia, 

depression, and apnea. Thus, the library of compounds of the invention is useful in 
standard screening techniques as a source of effective pharmaceutical compounds. 

The compounds of the invention are defined in terms of the embodiments of 
permitted substitutents, as well as by chain length and degree of unsaturation: 

1 5 The preferred length of the backbone chain is 10-18C, preferably 1 1-15C. It is 

preferred that the compounds contain 1-5 alkyl substitutents, preferably ethyl or 
methyl, most preferably methyl, wherein the positions of the substitutions are 
separated by 2-3C, preferably 3C. The compounds of the invention preferably contain 
0, 1, 2 or 3 7t-bonds which are not conjugated to each other. Particularly preferred 

2 0 spacing of the 7i-bonds is 2-3 intervening carbons, preferably 2. Preferred 

substitutents include halo, -OR a , =0, -OOCR\ and -NR a 2 wherein R a is H or alkyl (1- 
6C) or, in the case of OR a and NR a 2 , R a may be acyl (1-6C). Also preferred are 
embodiments wherein one terminus is COOR b or CONR b 2 where R b is H, alkyl (1-6C) 
or arylalkyl (7-12C). 

2 5 Thus, compounds of the invention include compounds of formula 1 as shown 

in Figure I wherein n is 5-8, preferably 6-7, R 3 is H or is alkyl (1-6C) preferably 
methyl or ethyl, or phosphate or phosphate ester. Preferably R 2 is H, alkyl (1-6C) or 
arylalkyl (7-12C) or substitutent COOR 2 is reduced to CH 2 OR' or converted to 
CH 2 NR' 2 , where R« is H, alkyl (1-6C), aryl (6-10C), arylalkyl (7-12C) or acyl (1-6C) 

30 or two R 1 on NR' 2 may form a ring. Aryl groups may be substituted. Thus, also 
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preferred are compounds of the formula 1 A and IB of Figure 1 wherein n, R 3 and R' 
are as defined above. 

Suitable substitutents on the aryl groups contained in R 1 or R 2 include alkyl 
(1-6C) halo, including F, CI, Br, and I; NR 4 2 , OR 4 , COOR 4 , CONR 4 2 , OOCR 4 , 
5 NHCOR 4 , and FSR 4 , wherein R 4 is H or alkyl ( 1 -6C). Preferred substitutents are 

alkyl, especially ethyl and methyl, OR 4 , and NR 4 2 . 

Where R 3 is not H, a preferred configuration of the double bond is the trans 
configuration. 

Also preferred as compounds of the invention are compounds of the formulas 
10 2, 2A and 2B (Figure 1 ) wherein the dotted lines represent optional rc-bonds, each R 3 

is independently defined as set forth above, and R' and R 2 are as defined above, with 
the proviso that if all R 3 are methyl and all dotted lines represent double bonds, OR' 
cannot be OH in formula 2B. 

Also preferred are compounds of the formulas 3, 3A and 3B (Figure 1) 
1 5 wherein n, R J and R 1 are as defined above and m is 1-3. 

Particular embodiments of the compounds of the above formulas are shown in 
Figure 2. 

The invention compounds may also be supplied, where appropriate, as 
2 0 pharmaceutical^ acceptable salts. Pharmaceutically acceptable salts, where the 

compounds contain amino groups, include the acid addition salts which can be formed 
from inorganic acids such as hydrochloric, sulfuric, and phosphoric acid or from 
organic acids such as acetic, propionic, glutamic, glutaric, as well as acid ion- 
exchange resins. When the compounds contain acidic groups, salts may be formed 
25 from inorganic bases such as potassium or sodium hydroxide, calcium hydroxide, or 

magnesium hydroxide -and from organic bases such as caffeine. 

The synthesis of the compounds described above is conventional and employs 
standard organic synthetic methods as well understood in the art. Many of the 
compounds are commercially available. 

30 

Utility and Administration 

The compounds of the inventions are particularly useful in very low dosages 
for treating conditions which are mediated by N-type channels, in particular neuronal 
based conditions, such as epilepsy, stroke, and pain. Used at low dosages 
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corresponding to minimal concentrations in vivo, the compounds of the invention are 
highly specific for N-type channels and, function, it is believed, by inactivating the 
channels at physiological potentials. This is in contrast to the open channel blockage 
displayed by, for example, famesol with respect to L-type channels at artificially 
5 negative resting potentials. 

For use as treatment of animal subjects, the compounds of the invention can be 
formulated as pharmaceutical or veterinary compositions. Depending on the subject 
to be treated, the mode of administration, and the type of treatment desired -- e.g., 
prevention, prophylaxis, therapy; the compounds are formulated in ways consonant 

1 0 with these parameters. A summary of such techniques is found in Remington's 

Pharmaceutical Sciences , latest edition, Mack Publishing Co., Easton, PA. 

In general, for use in treatment, the compounds of the invention may be used 
alone, as mixtures of two or more compounds of the invention or in combination with 
other pharmaceuticals. Depending on the mode of administration, the compounds 

1 5 will be formulated into suitable compositions to permit facile delivery. 

Formulations may be prepared in a manner suitable for systemic 
administration or topical or local administration. Systemic formulations include those 
designed for injection (e.g., intramuscular, intravenous or subcutaneous injection) or 
may be prepared for transdermal, transmucosal, or oral administration. The 

2 0 formulation will generally include a diluent as well as, in some cases, adjuvants. 

buffers, preservatives and the like. The compounds can be administered also in 
liposomal compositions or as microemulsions. 

For injection, formulations can be prepared in conventional forms as liquid 
solutions or suspensions or as solid forms suitable for solution or suspension in liquid 

2 5 prior to injection or as emulsions. Suitable excipients include, for example, water, 

saline, dextrose, glycerol and the like. Such compositions may also contain amounts 
of nontoxic auxiliary substances such as wetting or emulsifying agents, pH buffering 
agents and the like, such as, for example, sodium acetate, sorbitan monolaurate, and 
so forth. 

30 Various sustained release systems for drugs have also been devised. See, for 

example, U.S. Patent No. 5,624,677. 

Systemic administration may also include relatively noninvasive methods such 
as the use of suppositories, transdermal patches, transmucosal delivery and intranasal 
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administration. Oral administration is also suitable for compounds of the invention. 
Suitable forms include syrups, capsules, tablets, as in understood in the art. 

For administration to animal or human subjects, the dosage of the compounds 
of the invention is typically 0.1-100 ug/kg. However, dosage levels are highly 
5 dependent on the nature of the condition, the condition of the patient, the judgment of 

the practitioner, and the frequency and mode of administration. 


Screening Methods 

The compounds of the invention can be synthesized individually using 

1 0 methods known in the art per se, or as members of a combinatorial library. 

Synthesis of combinatorial libraries is now commonplace in the art. Suitable 
descriptions of such syntheses are found, for example, in Wentworth, Jr., P. et al. 
Current Opinion in Biol (1993) 9:109-1 15; Salemme, F.R. et al. Structure (1997) 
5:319-324. The libraries contain compounds with various substitutents and various 

1 5 degrees of unsaturation, as well as different chain lengths. The libraries, which 

contain, as few as 10, but typically several hundred members to several thousand 
members, may then be screened for compounds which are particularly effective 
against a specific subtype of calcium channel, i.e., the N-type channel. In addition, 
using standard screening protocols, the libraries may be screened for compounds 

2 0 which block additional channels or receptors such as sodium channels, potassium 
channels and the like. 

Methods of performing these screening functions are well known in the art. 
Typically, the receptor to be targeted is expressed at the surface of a recombinant host 
cell such as human embryonic kidney cells. The ability of the members of the library 

25 to bind the receptor or channel is measured, for example, by the ability of the 

compound in the library to displace a labeled binding ligand such as the ligand 
normally associated with the receptor or an antibody to the receptor. More typically, 
ability to antagonize the receptor is measured in the presence of calcium ion and the 
ability of the compound to interfere with the signal generated is measured using 

30 standard techniques. 

In more detail, one method involves the binding of radiolabeled agents that 
interact with the calcium channel and subsequent analysis of equilibrium binding 
measurements including, but not limited to, on rates, off rates, K<j values and 
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competitive binding by other molecules. Another method involves the screening for 
the effects of compounds by electrophysiological assay whereby individual cells are 
impaled with a microelectrode and currents through the calcium channel are recorded 
before and after application of the compound of interest. Another method, high- 
5 throughput spectrophotometric assay, utilizes loading of the cell lines with a 

fluorescent dye sensitive to intracellular calcium concentration and subsequent 
examination of the effects of compounds on the ability of depolarization by potassium 
chloride or other means to alter intracellular calcium levels. 

As described above, a more definitive assay can be used to distinguish 

1 0 inhibitors of calcium flow which operate as open channel blockers, as opposed to 

those that operate by promoting inactivation of the channel. The methods to 
distinguish these types of inhibition are more particularly described in the examples 
below. In general, open-channel blockers are assessed by measuring the level of peak 
current when depolarization is imposed on a background resting potential of about 

15 - 1 00 mV in the presence and absence of the candidate compound. Successful open- 

channel blockers will reduce the peak current observed and accelerate the decay of 
this current. Compounds that are inactivated channel blockers are determined by their 
ability to shift the voltage dependence of inactivation towards more negative 
potentials. This is also reflected in their ability to reduce peak currents at more 

2 0 depolarized holding potentials(e.g., -70 mV). 

The following examples are intended to illustrate but not to limit the 
invention. 

25 Example 1 

Transfection of HEK Cells 
Human embryonic kidney TSA 201 cells were grown in standard DMEM 
medium, supplemented with 10% fetal bovine serum and 0.4 mg/ml neomycin. The 
cells were grown to 80% confluency, split with trypsin EDTA and plated on glass 
30 coverslips at 10% confluency 12 hours prior to transfection. Immediately prior to 

transfection, the medium was replaced and the cells were transiently transfected with 
cDNAs encoding calcium channel ai B , Pib and 0:25 subunits (at a 1 : 1 : 1 molar ratio) 
using a standard calcium phosphate protocol. After 12 hours, the medium was 
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replaced with fresh DMEM and the cells were allowed to recover for 12 hours. 
Subsequently the cells were incubated at 28°C in 5% C0 2 for 1-2 days prior to 
recording. Human embryonic kidney cells stably expressing N-type ai B +a 26 +Pi b were 
maintained and plated for electrophysiological recordings as described by Zamponi, 
5 G.W. et ai, Nature (1997) 385:442-446. 

For some experiments, cells were prepared wherein the a, B unit was replaced 
by ai A (P/Q type) ct| C (type L) or a !E (undefined). a !B represents N-type. 

Example 2 

1° Methods of Analysis 

Immediately prior to recording, individual cover slips were transferred to a 
3 cm culture dish containing an external recording solution. The external recording 
solution was either 20 mM BaCl 2> 1 mM MgCl 2 , 10 mM HEPES, 40 mM TEAC1, 
10 mM glucose, 65 mM CsCl (pH 7.2) or 5 mM BaCl 2 , 1 mM MgCl 2 , 10 mM 

1 5 HEPES, 40 mM TEAC1, 10 mM glucose, 87.5 mM CsCl (pH 7.2). Patch pipettes 

(Sutter borosilicate glass, BF1 50-86- 15) were pulled using a Sutter P-87 
microelectrode puller, fire-polished using a Narashige microforge, and showed typical 
resistances of 2-4 MQ. The internal pipette solution was 105 mM CsCl, 25 mM 
TEAC1, 1 mM CaCl 2 , 1 1 mM EGTA, 10 mM HEPES (pH 7.2). Whole cell patch 

2 0 clamp experiments were performed using an Axopatch 200B amplifier (Axon 

Instruments, Burlingame, CA) linked to an IBM compatible personal computer 
equipped with pCLAMP 6.0 software. Currents were typically elicited from a holding 
potential of -100 mV to various test potentials. The compounds to be tested were 
prepared as stock solutions in ethanol and diluted into the recording solution at the 

2 5 appropriate final concentrations, and perfused directly onto the cells using a gravity 

driven microperfusion system. At the applicable concentrations, ethanol by itself had 
no effect on calcium channel activity. Data were filtered at 1 kHz and recorded 
directly on the hard drive of a personal computer. The data were analyzed using 
ClampFit (Axon Instruments). Curve fitting was carried out in Sigmaplot 4.0 (Jandel 

30 Scientific). Steady state inactivation curves were fitted with a Boltzman equation, 

Ipeak(nonnalized) = l/(l+exp((V-V h )Z/25.6)) 

where V and V h are respectively the conditioning and the half activation potential, 
and Z is a slope factor. 
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Example 3 
Open-Channel Blocking by Famesol 
The stably expressed N-type channels in HEK293 cells, prepared as in 
5 Example 1 , were tested at various concentrations of famesol by step depolarizations 

from the holding potential of -100 mV to the test potential of +20 mV. Panel C of 
Figure 3 shows a typical response elicited by a single depolarization wherein the 
current is increased to peak value within 2.5 msec and then decays to its resting level 
at various rates depending on conditions. As shown, the presence of 5 uM or 25 uM 
1 0 famesol both diminished the current at peak value and accelerated time to decay to the 

resting level. In a series of such depolarizations at famesol concentrations of 5 uM 
and 25 uM shown in panel A, it is apparent that the normalized peak height is 
diminished in the presence of 5 uM famesol and further dramatically diminished in 
the presence of 25 uM famesol. Upon removal of the famesol, the ability to obtain 
1 5 peak currents is regenerated. 

Panel B shows the relationship of the depolarization voltage to the current 
generated before and after addition of 10 uM famesol. The current/voltage 
relationship was fitted with the Boltzman relation (solid lines). There appears to be 
no dependence of the position of peak amplitude with respect to depolarization 
2 0 voltage on the presence of famesol. 

Panel D represents a kinetic analysis of the current wave form shown in Panel 
C. the Y-axis shows the inverse of the time constant for current decay corrected for 
the control inactivation rate of the channel plotted as a function of famesol 
concentration. A linear relationship showing an intercept of 7.6 and a slope of 4.8, 
2 5 r=l is obtained consistent with speeding of the time course of inactivation due to a 

rapid 1 : 1 open channel block developing during the test pulse. 

Panel E shows these open channel blocking effects of 25 uM famesol for 
various receptors using a resting potential of -100 mV on current amplitudes. The 
numbers in parentheses reflect the number of experiments; the error bars are standard 
30 errors. All types of channels show diminished peak heights at this concentration. It 

appears that L-type channels are preferentially inhibited by open channel block. 
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Example 4 
The Effect of Farnesol on Inactivation 
The effect of farnesol on inactivation of the N-type channel at various resting 
potentials was determined. Currents were elicited by stepping from various holding 

5 potentials of 5-second duration to a test potential of +20 mV. The data were obtained 

from the same cell and fitted according to the Boltzman relation (control: V h = 
-47.9 mV, Z = 4.4; 25 uM farnesol: V h = -68.7 mV, Z = 3.8; Wash: V h = -56.5 mV, 
Z = 4.0). As shown in Figure 4, at a starting potential of -80 mV, neither the control 
nor the washed cells showed diminished potential (all peak potentials were 

0 normalized to their value at -100 mV resting potential). However, in the presence of 

25 uM farnesol, the peak value was diminished to 80% of the base value. At a resting 
potential of -70 mV, the peak current value in the presence of 25 uM farnesol was 
reduced to 50%. The control and wash showed little diminution. The inset shows the 
mean values of the resting potential that diminishes peak currents to X A their value 

5 when -100 mV is used (V 0 5 ) before farnesol was added, while farnesol was present, 

and after farnesol was washed out of the system. This occurs at -70 mV for the 
sample where famesol is present and at much lower resting potentials prior to addition 
or after wash. Thus, farnesol at this concentration shows a shift in V 05 of about 
20 mV. 

0 Further experiments verifying the ability of farnesol to exert an inactivation- 

based inhibition were conducted. Figure 5, panel A shows the time course of the peak 
current block by 100 nM farnesol at a resting potential of -70 mV, which closely 
reflects a nerve cell resting potential. The time course of the development of the 
current amplitude diminution is slower than that obtained at a resting potential of 

5 -100 mV and the recovery is much slower from the effect exhibited by open-chain 

blockage. Compare Figure 3, panel A at 25 uM farnesol (an open-channel blocking 
effect) with panel A of Figure 5. This is also shown in a typical inactivation curve as 
set forth in panel C of Figure 5 determined in the presence of 250 nM famesol. The 
kinetics of the recovery times of the current flow to resting appear similar in all cases. 

0 This curve was determined from a holding potential of -70 mV to a test potential of 
+10 mV in the presence and absence of 250 nM farnesol. At this concentration the 
effect of famesol does not appear to be completely reversible. 
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Panel B shows the inactivation effect of 100 nM farnesol on the N-type 
channel under conditions similar to those of Figure 4. Again, the V 0 . 5 is -70 mV. 

Finally, panel D shows the specificity of this inactivation effect. The values 
plotted are the peak current values normalized to a resting potential of -100 mV when 
the resting potential is -70 mV in the presence of 250 nM farnesol. Only the N-type 
channels show substantially diminished values. 

Example 5 
Additional Inactivation Inhibitors 
Various farnesol-related compounds were tested for their ability to exhibit 
open-channel blockage and to promote inactivation specific to the N-type channel. 
The results are shown in Table 1 . 


Table 1 

Compound 

Open/Resting Block 
(determined at 10 \iM) 

Inactivated Block 
(shift in V 0 5 ) 




farnesol 

60% block 

10-25 mV 

farnesyl acetate 

90-100% block 

-20 mV 

farnesyl bromide 

20-30% block 

-20 mV 

farnesyl pyrophosphate 

Not active 

n.d. 




juvenile hormone III 

Not active 

-10 mV 




tetramethylpentadecane 

<10% block 

-10 mV 

dodecylamine 

90-100% block 

-10 mV 

dodecane 

10-20% block 

-10 mV 

decylamine 

>80% block 

-10 mV 


As seen, farnesyl bromide, juvenile hormone III, tetramethylpentadecane, and 
dodecane are able to promote substantial inactivation-type inhibition, specific to the 
N-type receptor, but are relatively lacking in the nonspecific open-channel blocking 
activity. Thus, the compounds of the invention offer the opportunity of enhanced 
specificity without undesired nonspecific open channel block. 

Example 6 

Testing Of Additional Compounds - Methods 
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The methods of Examples 1 and 2 were followed with slight modifications as 
will be apparent from the description below. 

A. Transformation of HEK cells: 

N-type calcium channel blocking activity was assayed in human embryonic 
kidney cells, HEK 293, stably transfected with the rat brain N-type calcium channel 
subunits (aie + a26 +(3ib cDNA subunits). Alternatively, N-type calcium channels 
(a )B + a25 +Pib cDNA subunits), L-type channels (a ic + 0125 + Pib cDNA subunits) and 
P/Q-type channels (a )A + a 2 s +PibcDNA subunits) were transiently expressed in HEK 
293 cells. Briefly, cells were cultured in Dulbecco's modified eagle medium 
(DMEM) supplemented with 10% fetal bovine serum, 200 U/ml penicillin and 0.2 
mg/ml streptomycin at 37°C with 5% C0 2 . At 85% confluency cells were split with 
0.25% trypsin/ 1 mM EDTA and plated at 10% confluency on glass coverslips. At 12 
hours the medium was replaced and the cells transiently transfected using a standard 
calcium phosphate protocol and the appropriate calcium channel cDNAs together with 
green fluorescent protein cDNA. Fresh DMEM was supplied and the cells transferred 
to 28°C/5% C0 2 - Cells were incubated for 1 to 2 days to whole cell recording. 

B. Measurement of Inhibition: 

Whole cell patch clamp experiments were performed using an Axopatch 200B 
amplifier (Axon Instruments, Burlingame, CA) linked to a personal computer 
equipped with pCLAMP software. The external and internal recording solutions 
contained, respectively, 5 mM BaCl 2 , 1 mM MgCl 2 , 10 mM HEPES, 40 mM TEAC1, 
25 mM glucose, 65 mM CsCl (pH 7.2) and 108 mM CsMS, 4 mM MgCl 2 , 9 mM 
2 5 EGTA, 9 mM HEPES (pH 7.2). Pipette resistances were typically on the order of 3 to 

4 M. Currents were typically elicited from a holding potential of -80 mV to +10 mV 
using Clampex software (Axon Instruments). Typically, currents were first elicited 
with low frequency stimulation (0.03 Hz) and allowed to stabilize prior to application 
of the compounds. The compounds were then applied during the low frequency pulse 
30 trains for two to three minutes to assess tonic block, and subsequently the pulse 

frequency was increased to 0.2 Hz to assess frequency dependent block. Data were 
analyzed using Clampfit (Axon Instruments) and SigmaPlot 4.0 (Jandel Scientific). 


10 
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Example 7 

Inhibition By Additional Compounds - Results 

The compounds shown in Figure 2 were tested for their ability to inhibit the 
current flow of transiently expressed rat brain N-type calcium channels at low 
frequency (0.03 Hz) and at high frequency (0.2 Hz) at a holding potential of -80 mV 
and a test potential of +10 mV. As shown in Figure 6, the compounds of the 
invention, as well as farnesol, when tested at 100 nM, showed a higher level of 
blockage at the higher frequency. Thus, the inhibition is use dependent. 

Figure 7 shows an alternative representation of the same data wherein IC 50 is 
calculated. It is seen that low frequency stimulation yields a "tonic" block with 
affinities in the 500 nM to 3 micromolar range. In contrast, at the higher frequency of 
0.2 Hz, a "frequency dependent" block occurs with affinities in the range of 100 - 250 
nM. The results shown, when related to compound structure, indicate that both chain 
length and "head group" can be determinants of the level of inhibition activity. Thus, 
varying these parameters permits modulating the activity of the compound so as to 
tailor it for a particular use. 

Three of the compounds of the invention as well as farnesol were also tested 
with respect to a iA (P/Q-type), a iB (N-type), and a ic (L-type) channels for frequency 
dependent block as shown in Panels A and B of Figure 8 and with respect to tonic 
block as shown in Panel C. Panel A shows the result for frequency dependent block 
in terms of percentage blockage; Panel B shows these data in terms of IC 50 calculated. 
For tonic block, in Panel C, only the percent blockage is shown. 

As shown, all compounds were selective for non L-type channels; at high 
frequency, compound NM33 exhibited the greatest degree of selectivity for N-type 
5 channels; each of the four compounds was selective for N-type at low frequency. 

A comparison of the structures tested with the results shown in Figure 8 
indicates that elimination of the double bonds in the farnesol backbone increases 
selectivity over the L-type channels, as does addition of an aromatic head group 
moiety. 
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Claims 

1 . A method to treat conditions benefited by inactivating N-type calcium 
channels in a subject which method comprises administering to a subject in need of 

5 such treatment a compound comprising 

an unbranched backbone carbon chain of 8-16C, optionally substituted at any 
position with 1-5 alkyl groups (1-6C) or with halo, = O, OR", SR a , NR a 2 , OOCR a , 
NR a OCR a , or N(OCR a ) 2 , wherein R a is H, alkyl (1-6C), optionally substituted aryl (6- 
10C), arylalkyl (7-12C) wherein said aryl is optionally substituted, and wherein 2R on 
1 0 the same substitutent may form a ring, or with phosphate or pyrophosphate or the 

alkyl (1-6C) esters thereof; and/or wherein a terminal carbon is optionally in the form 
of COOR b , -CONR b 2 or -COR b wherein R b is H, alkyl (1-6C) or arylalkyl (7-12C); 
and 

wherein said chain may optionally contain 1-4 rc-bonds or the epoxides 
1 5 thereof, with the proviso that said compound is other than famesol. 

2. The method of claim 1 wherein said compound has a backbone chain 
of 11-14C. 

20 3. The method of claim 1 wherein said backbone chain is substituted with 

1-5 alkyl groups and wherein said alkyl groups are methyl or ethyl. 

4. The method of claim 1 wherein said chain is functionalized at one 
terminus with COOR 2 , CONR 2 2 , COR 2 , OR 1 , or NR> 2 , wherein R 2 is H, alkyl (1-6C) 

2 5 or substituted or unsubstituted arylakyl (7-12C) and R 1 is H, alkyl (1-6C), aryl (6- 

10C), arylalkyl (7-12C) wherein any aryl groups may be unsubstituted, or acyl (1-6C) 
and wherein the two R' on NR' 2 may optionally form a ring. 

5. The method of claim 1 wherein said chain contains an epoxide. 

30 

6. The method of claim 1 wherein said compound is of formula 1, 1 A or 
IB of Figure 1 wherein n is 5-8, wherein R 2 is H, alkyl (1-6C) or substituted or 
unsubstituted arylalkyl (7-12C); wherein R 1 is H, alkyl (1-6C), aryl (6- 10C), arylalkyl 
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(7-12C) wherein any aryl groups may be unsubstituted or substituted, or acyl (1-6C) 
and wherein the two R 1 of NR' 2 may optionally form a ring, and wherein R 3 is H, 
alkyl (1-6C), or is phosphate or pyrophosphate or the alkyl (1-6C) esters thereof. 

: 7- The method of claim 1 wherein said compound is of formula 2, 2A or 

2B of Figure 1 wherein n is 5-8, wherein R 2 is H, alkyl (1-6C) or substituted or 
unsubstituted arylalkyl (7-12C); wherein R 1 is H, alkyl (1-6C), aryl (6- 10C), arylalkyl 
(7-12C) wherein any aryl groups may be unsubstituted or substituted, or acyl (1-6C) 
and wherein the two R 1 of NR ! 2 may optionally form a ring, and wherein R 3 is H, 
1 0 alkyl ( 1 -6C), or is phosphate or pyrophosphate or the alkyl ( 1 -6C) esters thereof; and 

wherein the dotted lines represent optional n bonds. 

8. The method of claim 1 wherein said compound is of formula 3, 3A or 
3B of Figure 1, wherein n is 5-8, wherein m is 1-3, wherein R 2 is H, alkyl (1-6C) or 

15 substituted or unsubstituted arylakyl (7-12C); and wherein R 1 is H, alkyl (1-6C), aryl 

(6- 10C), arylalkyl (7-12C) wherein any aryl groups may be unsubstituted, or acyl (1- 
6C) and wherein the two R l of NR' 2 may optionally form a ring. 

9. The method of claim 6 wherein n is 6-7. 

20 

10. The method of claim 8 wherein n is 6-7. 

1 1 . The method of claim 6 wherein R 3 is not H and the k bond is in the 
trans configuration. 

25 

12. The method of claim 6 wherein R 3 is a phosphate or pyrophosphate or 
ester thereof. 

13. The method of claim 1 wherein said conditions are selected from the 
30 group consisting of stroke, epilepsy, chronic pain and acute pain. 

14. A pharmaceutical composition for use in treating conditions benefited 
by inactivating N-type calcium channels which composition comprises, in admixture 
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with a pharmaceutically acceptable excipient, a dosage amount of a compound 
comprising 

an unbranched backbone carbon chain of 8-16C, optionally substituted at any 
position with 1-5 alkyl groups (1-6C) or with halo, = O, OR\ SR a , NR a 2) OOCR a , 
5 NR a OCR\ or N(OCR a ) 2 , wherein R a is H, alkyl ( 1 -6C), optionally substituted ary 1 (6- 

10C), arylalkyl (7-12C) wherein said aryl is optionally substituted, and wherein two R 
on the same substitutent may form a ring, or with phosphate or pyrophosphate or the 
alkyl (1-6C) esters thereof; and/or wherein a terminal carbon is optionally in the form 
of COOR b , -CONR b 2 or -COR b wherein R b is H, alkyl (1-6C) or arylalkyl (7-12C); 
10 and 

wherein said chain may optionally contain 1 -4 7i-bonds or the epoxides 
thereof, with the proviso that said compound is other than farnesol. 


15. A library comprising at least ten different compounds wherein said 
1 5 each of said compounds comprises 

an unbranched backbone carbon chain of 8-16C, optionally substituted at any 
position with 1-5 alkyl groups (1-6C) or with halo, = O, OR a , SR a , NR a 2 , OOCR a , 
NR a OCR\ or N(OCR a ) 2 , wherein R a is H, alkyl (1-6C), optionally substituted aryl (6- 
10C), arylalkyl (7-12C) wherein said aryl is optionally substituted, and wherein 2R on 
20 the same substitutent may form a ring, or with phosphate or pyrophosphate or the 

alkyl (1-6C) esters thereof; and/or wherein a terminal carbon is optionally in the form 
of COOR b , -CONR b 2 or -COR b wherein R b is H, alkyl (1-6C) or arylalkyl (7-12C); 
and 

wherein said chain may optionally contain 1-4 7i-bonds or the epoxides 

2 5 thereof, with the proviso that said compound is other than farnesol. 

16. A method to identify a compound which antagonizes a target channel 
or receptor which method comprises contacting host cells displaying said target 
channel or receptor in the presence of an agonist for said channel or receptor and with 

3 0 the members of the library of claim 15; 

assessing the ability of the members of the library to affect the response of the 
channel or receptor to its agonist; and 
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identifying as an antagonist any member of the library which diminishes the 
response of the channel or receptor to its agonist. 
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